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An ink jet cartridge (10) is re- 
filled by establishing a nil opening (24) 
extending from an outer portion of the 
cartridge into an interior ink bladder 
of the cartridge, applying pressure to 
sides of the cartridge to provide a de- 
creased volume of the interior ink blad- 
der, transferring ink into the interior ink 
bladder through the fill opening while 
maintaining the decreased volume, seal- 
ing the fill opening, and relieving pres- 
sure on the sides of the cartridge to pro- 
vide an increased volume of the interior 
ink bladder. The fill opening can be 
established using a poker (20). Trans- 
ferring ink can include, using a squeeze 
bottle (50) filled with ink. Pressure 
can be applied to the sides of the car- 
tridge with a clamp (32) similar to a 
#100 binder clip manufactured by Of- 
fice Mate International Corporation of 
Edison. NJ.. The fill opening can be 
sealed with a set screw or a ball cork 
along with pressure-sensitive tape. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


ALF 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HI! 


Hungary 


NO 


Norway 


BF__ 


Burkina JPasq 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


ft ~ 


Itaiy 


PL- - 


- Poland — 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RL 


Russian Federation 


CA 


Canada 


KP 


Democratic People * RepuOlc 


SD 


Sudan 


CF 


CencraJ African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


$1 


Slovenia 


CI 


Cote d' [voire 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TO 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TC 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


OK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Mo»do*a 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


CG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauhuuiia 


VN 


Vict Nam 



WO 97/17204 



PCT/IB96/01252 



REFILLING INK JET CARTRIDGES 

Technical Field 

This application relates to the field of refilling ink jet printer cartridges. 

Background of The Invention 

A variety of manufacturers provide computer printers that use an ink jet 
5 mechanism to squirt droplets of ink onto paper that is fed through the printer. The 
ink can be provided in a replaceable cartridge that the user installs in the printer. 
The ink is delivered to the paper by electrically controlling a printhead portion of 
the cartridge. Appropriate electrical signals cause printhead electronics to dispense 
a droplet of ink at a time. 

10 Many manufacturers of ink jet printers also provide the replaceable 

cartridges. For example, Hewlett-Packard of Palo Alto, California supplies the 
HP 1200C printer and the cartridge therefor, Model No. HP 51640A. Once all 
the ink has been used, Hewlett-Packard recommends disposing of the spent 
cartridge and installing a brand new cartridge purchased from Hewlett-Packard. 

15 In most cases, the printhead portion of an empty ink jet cartridge is still usable, 

but is discarded nonetheless since the manufacturer makes no provision for reusing 
cartridges. Consequently, the user misses an opportunity to use an otherwise 
operational cartridge printhead because of the recommendation of the cartridge 
manufacturer. 

20 It is desirable for the user to be able to refill the spent ink jet cartridge, 

thus reducing the need to purchase new cartridges. However, the structure and 
operation of some ink jet cartridges is sufficiently complex so that refilling often 
involves more than just opening the cartridge up, placing ink inside, and closing 
the cartridge. For example, many cartridges contain a mechanism for establishing 

25 and maintaining a slightly negative internal pressure throughout the life of the 
cartridge. This slightly negative pressure prevents ink from dripping out of the 
printhead when the printhead is not being electrically actuated. Accordingly, 
filling cartridges that maintain a slightly negative pressure requires not only 



-1- 



WO 97/17204 



PCT/IB96/01252 



providing ink to the cartridge, but also establishing the slightly negative pressure 
at the end of the fill operation. 

Refilling an ink jet cartridge that operates on a slightly negative pressure 
principle is shown in U.S. Patent No. 5,329,294 to Ontawar et al. (the *294 
5 patent) and in PCT Application No. PCT/US93/ 10988 which is assigned to 

Graphic Utilities, Inc. of Waltham, Massachusetts (the Graphic Utilities 
Application). The cartridges disclosed in both references utilize an equalization 
bladder to maintain the negative pressure in the cartridge irrespective of the 
relative atmospheric ambient pressure surrounding the cartridge. Although the 
10 equalization bladder is not provided to facilitate refilling, in both references it is 

used for that purpose in order to establish the initial slightly negative pressure 
inside the cartridges. 

In the case of the Graphic Utilities application, the negative pressure is 
established after refilling by either pumping air into the equalization bladder after 
15 putting the ink in the cartridge or by covering an access hole of the equalization 

bladder prior to opening the ink cartridge. The *294 patent discloses only 
pumping the bladder with air after refilling. For both references, the cartridge 
being refilled corresponds to the Hewlett-Packard 5 1626 A cartridge. 

The Hewlett-Packard HP 51640A, C, M, Y, 51644C, M, Y, 51645A, 
20 and 51650A, C, M, Y cartridges are described in the February 1994 Hewlett- 

Packard Journal in an article on Page 46 titled, "Development of the HP DeskJet 
1200C Print Cartridge Platform. " The cartridge described therein uses a special 

spring and a bladder mechanism to maintain a slightly negative internal, pressure 

irrespective of the ink level. The ink is maintained inside the bladder. The side 
25 covers of the cartridge are made of sheet metal in order to maximize the internal 

volume and side stiffness of the cartridge while minimizing the overall size. The 
spring provides a relatively constant force irrespective of its displacement, thus 
pushing out the sides of the bladder in a manner that establishes a constant 
negative pressure in the ink storage area throughout the life of the cartridge. 
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Unlike the 5 1626 A cartridge, the Hewlett-Packard cartridge described in 
the February 1994 HP Journal and discussed above does not have an access port 
for an equalization bladder that can be used to establish a slightly negative 
pressure when the cartridge is refilled. Accordingly, the methods of refilling 
5 disclosed in the '294 patent and the Graphic Utilities Application are not 

applicable to the HP S1640 and similar model cartridges. The only external access 
provided on the cartridge, beside the printhead, is the ink fill access hole which is 
presumably used by the manufacturer to initially fill the cartridge. 

U.S. Patent No. 5,400,573 to Crystal et al. (the '573 patent) discloses a kit 
10 and method for opening, refilling, and sealing an ink jet cartridge similar to the 

HP 51640 and related cartridges. FIG.'s 2A and 2B show the kit 10 comprising a 
plunger 20, a plate 30, and a spherical plug 40. The plunger 20 is disclosed as 
being made of a relatively rigid material and including a head 21 at one end and a 
shank 22 extending along a plunger axis 20a from the head 21. The distal end 22a 
15 of the shank 22 is used to open the refill port of the cartridge. 

Although the T 573 patent shows an elaborate mechanism for opening the 
refill hole of the ink cartridge, there is very little discussion as to how to establish 
the initial negative pressure in the cartridge once the refill operation has been 
complete. Column 10, Lines 43-46 disclose that the lateral walls of the cartridge 

20 can be nominally squeezed together to "pressurize the interior ink storage bladder 
prior to refilling the cartridge with ink" . However, once the plug has been 
removed from the cartridge and the inside portion of the bladder is exposed to the 
atmosphere, it is doubtful that squeezing the cartridge will increase the pressure 
inside the bladder since, with the fill hole open, the pressure in the bladder will 

25 equal atmospheric pressure. Accordingly, irrespective of how much "squeezing" 
is done, the only way to "pressurize the ink storage bladder prior to refilling the 
cartridge"is to squeeze the cartridge prior to removing the fill plug. However, 
this will have no effect on the pressure in the cartridge after the refill operation. 
Furthermore, a pressurized ink storage bladder is undesirable since, as discussed 

30 above, the ink jet cartridge works best when the pressure inside the cartridge is 
slightly less than atmospheric pressure (i.e., when the cartridge is dgpressurized). 
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Summary Of The Invention 

According to the present invention, an ink jet cartridge is refilled by 
establishing a fill opening extending from an outer portion of the cartridge into an 
interior ink bladder of the cartridge, applying pressure to sides of the cartridge to 
provide a decreased volume of the interior ink bladder, transferring ink into the 
interior ink bladder through the fill opening while maintaining the decreased 
volume, sealing the fill opening, and relieving pressure on the sides of the 
cartridge to provide an increased volume of the interior ink bladder. 

Establishing a fill opening can include using a poker to make a hole in a 
refill plug and to push a ball-cork seal into the interior ink bladder. Transferring 
ink into the interior ink bladder can include providing a squeeze bottle filled with 
ink where the squeeze bottle has a neck portion with a diameter less than the fill 
opening, placing the neck portion into the fill opening, and squeezing the bottle. 

Pressure can be applied to the sides of the cartridge with a clamp having 
pair of jaws that are normally closed by a spring-like force and having a pair of 
clamp handles, attached to the jaws, for counteracting the spring-like force to open 
the jaws in response to the clamp handles being moved closer together. The 
pressure can be applied by moving the clamp handles closer together to provide 
open jaws, placing the open jaws onto an edge of the cartridge, and releasing the 
clamp handles. The clamp can be a #100 binder clip manufactured by Office 
Mate International Corporation of Edison, NJ. 

Tie_fiU_opening can be sealed by providing a set scrcw-having-a-diameter — 

slightly larger than the fill opening and screwing the set screw into the fill 
opening. The opening can also be sealed with a ball cork similar to the original 
ball cork provided by the manufacturer. The ball cork can be made of stainless 
steel, rubber, plastic, or any other suitable material and is sized to fit snugly into 
the opening. The opening can be further sealed by applying pressure-sensitive 
tape over the set screw. 
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Applying pressure to the sides of the cartridge during the fill operation 
decreases the volume of the interior ink bladder, thus allowing a slightly negative 
pressure to be established in the bladder after the fill operation is complete; the fill 
opening is sealed and the pressure on the sides is relieved to increase the volume 
5 of the cartridge. Using a poker facilitates establishing the fill opening by making 

a hole in the fill plug and pushing the ball-cork seal into the bladder at nearly the 
same time with a single operation. Using a squeeze bottle with a narrow neck 
provides ink transfer with a minimum of spillage. Using the clamp with the jaw 
and handle configuration analogous to that found on the #100 binder clip provides 
10 a reliable and consistent pressure to the sides of the cartridge to decrease the 
volume of the ink bladder an appropriate amount. The set screw and pressure 
sensitive tape provide a reliable seal and can be easily removed when the cartridge 
needs to be filled again. 

Brief Description Of Drawing 
15 FIG. 1 shows a prior art ink jet cartridge corresponding to the HP 5 1640 A 

family of ink jet cartridges provided by Hewlett-Packard of Palo Alto, California; 

FIG. 2 illustrates creating an opening in the ink jet cartridge; 

FIG. 3 illustrates pushing in a ball-cork seal of the ink jet cartridge; 

FIG. 4 illustrates clamping the ink jet cartridge and filling the ink jet 
20 cartridge with ink; 

FIG. 5 illustrates using a screw to seal an opening of the ink jet cartridge; 

FIG. 6 illustrates using pressure-sensitive tape to provide additional sealing 
to the opening of the ink jet cartridge; and 

FIG. 7 illustrates using a ball cork and (optionally) pressure sensitive tape 
25 to seal the opening of the ink jet cartridge. 
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Detailed Description Of The Preferred Embodiments 

Referring to FIG. 1, an ink jet cartridge 10 includes a printhead 12, a fill 
plug 14, and a pair of sidewalls 16, only one of which is shown in FIG. 1. The 
cartridge 10 corresponds to the cartridge disclosed in the February 1994 article on 
5 page 46 of the Hewlett-Packard Journal titled, -Development of the HP DeskJet 

1200C Print Cartridge Platform". The fill plug 14 is a flexible piece of plastic 
attached to the outside of the cartridge 10. As disclosed in the Hewlett-Packard 
article, underneath the fill plug 14 is a fill hole (not shown in FIG. 1) containing a 
ball-cork seal (also not shown in FIG. 1). The HP article refers to the flexible 
10 piece of plastic used for the fill plug 14 as a "ball seal cover". The ball-cork seal 

provided in commercially-available versions of Hewlett-Packard's HP 51640 is a 
metal BB. 

Referring to FIG. 2, the first step in refilling the cartridge 10 includes 
using a poker 20 or an equivalent device to push in the plug 14. The poker 20 

15 also pushes the ball-cork (not shown in FIG. 2) into the interior portion of the 

cartridge 10, as described in more detail hereinafter. The poker 20 can be any 
relatively rigid elongated object, such as a nail, ballpoint pen, or a specialized tool 
constructed for that purpose. The diameter of an end portion 21 of the poker 20 is 
preferably less than the diameter of the hole (not shown in FIG. 2) within the 

20 cartridge 10. Only a moderate amount of force is needed to push through the plug 

14 and push the ball-cork into the cartridge 10. 

Referring to FIG. 3, a cutaway 22 illustrates an internal portion of the 
cartridge 10. The poker 20 is shown being pierced through the plug 14 and 

- through a hole 24. in thecartridge -1-0-.-- The hole 24 is-provided by the manufacture - 

25 and is presumably used by the manufacturer to initially fill the cartridge 10 with 

ink. FIG. 3 also illustrates a ball-cork 26 being pushed through the hole 24 and 
into the interior of the cartridge 10 by the end portion 21 of the poker 20. The 
ball-cork 26 remains in the interior portion for subsequent usage of the cartridge 
10, but does not affect operation of the cartridge 10. In addition, subsequent 
30 refills may be performed in a different manner, as described in m re detail 

hereinafter, depending upon how the cartridge 10 is sealed after refilling. 
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Referring to FIG. 4, the cartridge 10 is shown with the hole 24 extending 
to an outside portion of the cartridge 10 after the plug 14 has been poked through 
by the poker 20 and the ball-cork 26 is pushed into the cartridge 10, as described 
above. The hole 24 extends into an interior ink bladder (not shown) of the 
5 cartridge 10. 



FIG. 4 also shows a clamp 30 being placed on an edge of the cartridge 10 
and being used to squeeze the sides 16 of the cartridge 10 to decrease the volume 
of the interior ink bladder of the cartridge 10. The clamp can be a #100 binder 
clip provided by Office Mate International Corporation of Edison, New Jersey. 

10 Other suitable clamps may be used provided that the clamps are capable of 

providing an appropriate amount of pressure to deflect the sides 1 6 of the cartridge 
10. The clamp 30 includes a pair of clamp handles 32 which are used to actuate 
the clamp 30. The clamp 30 is opened by moving the clamp handles 32 toward 
each other to open a pair of jaws 34 (only one of which is shown in FIG. 4) of the 

15 clamp 30. The jaws 34 are normally closed by a spring-like force which is 
counteracted by moving the clamp handles 32 closer together. 

The clamp 30 is placed on the cartridge 10 after the hole 24 is made 
through the casing of the cartridge 10 and before the hole 24 is sealed. 
Accordingly, the clamp 30 does not increase the pressure of the interior ink 

20 bladder. Rather, the clamp 30 decreases the volume of the ink bladder. The 

pressure of the ink bladder remains at atmospheric, even after the sides 16 of the 
cartridge 10 are squeezed. Preferably, the clamp 30 is placed on an edge of the 
cartridge 10 away from the printhead 12 to minimize the possibility of damaging 
the printhead 12. However, the clamp 30 can be placed on any usable edge of the 

25 cartridge 10 to decrease the volume of the interior ink bladder. The clamp 30 

remains on the cartridge 10 during the entire refill operation in order to maintain 
the decreased ink bladder volume. 

FIG. 4 also shows an ink refill bottle 50 containing ink 52 that is to be 
placed into the cartridge 10. The ink 52 can be any suitable replacement ink, such 
30 as ink provided by American Ink Jet Corporation of Billerica, Massachusetts. The 
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ink bottle 50 can be any container suitable for holding the refill ink 52. 

The refill bottle 50 includes a long thin extended portion 54 for placing into 
the hole 24 in the cartridge 10. Preferably, the diameter of the extended portion 
54 is less than the diameter of the hole 24. The ink bottle 50 can be a 
conventional plastic squeeze bottle configured such that when the neck 54 of the 
bottle 50 is placed into the hole 24 of the cartridge 10, the user squeezes the ink 
bottle 50 to transfer the ink 52 from the bottle 50 to the interior of the cartridge 
10. 



10 



Referring to FIG. 5, the cartridge 10 is shown after it has been filled with 
the ink 52 from the bottle 50. Prior to removing the clamp 30 shown in FIG. 4, a 
set screw 60 is screwed into the hole 24. That is, after the ink 52 has been 
transferred to the cartridge 10, the screw 60 is screwed into the hole 24 prior to 
removing the clamp 30 from the cartridge 10. Once the screw 60 has been 
screwed completely into the hole 24, then the clamp 30 is removed from the 
15 cartridge 10. The screw 60 can be a conventional self-threading type screw 

having a diameter slightly greater than the diameter of the hole 24. Removing the 
clamp 30 causes the sides 16 to spring out slightly, thus increasing the volume of 
the interior ink bladder. Since the cartridge 10 is sealed by the screw 60, the 
increase in volume establishes a slightly negative pressure inside the ink bladder. 



20 
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Referring to FIG. 6, a piece of pressure sensitive tape 62 can be used to 
cover the set screw 60 in order to provide additional sealing of the cartridge 10 
after filling. The pressure sensitive tape 62 can be any conventional pressure 
_sa«»nye_tape such as clear plastic-tape or masking tape. 

Note that the cartridge 10 shown in FIG. 5 or FIG. 6 is ready to be placed 
back into the printer for reuse. After filling, the cartridge 10 can be filled again 
repeatedly by removing the pressure sensitive tape 62, unscrewing the set screw 
60 and executing the refill procedure described above in connect! n with FIG.'s 4- 
6. Note that the cartridge 10 can be used so long as the printhead 12 remains 
operati nal. Also note that it is possible to wait to remove the clamp 30 shown in 
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FIG. 4 until after the pressure sensitive tape 62 has been applied to the cartridge 
10, since the pressure sensitive tape 62 provides additional sealing, even when the 
screw 60 does not provide adequate sealing because the screw 60 is slightly loose 
or askew. 

5 Referring to FIG. 7, a cutaway 72 shows the cartridge 10 being sealed with 

a ball cork 74 similar to the original ball cork 26 provided by the manufacturer 
and shown in FIG. 3. The user refills the cartridge 10 as described above, but 
uses the ball cork 74 instead of using a set screw 60 for sealing. The ball cork 74 
is substantially spherical and is made of rubber, plastic, stainless steel, or any 
10 other suitable material capable of sealing the cartridge 10. 

The ball cork 74 is of sufficient size in order to fit snugly in the hole 24. 
The user can place the ball cork 74 into the hole 24 by using the poker 20, shown 
in FIG/s 2 and 3, to press the ball cork 72 into the hole 24. Once the ball cork 
74 has been placed into the hole 24, the user can apply the pressure sensitive tape 
15 62 to provide additional sealing, as described above. Also, the user can remove 

the clamp 30 either immediately after the ball cork 74 is inserted or after applying 
the pressure sensitive tape 62. 

While the invention has been disclosed in connection with the preferred 
embodiments shown and described in detail, various modifications and 
20 improvements thereon will become readily apparent to those skilled in the art. 

Accordingly, the spirit and scope of the present invention is to be limited only by 
the following claims. 
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What is claimed is: 

1. A method of refilling an ink jet cartridge having an interior ink bladder, 
comprising the steps of: 

establishing a fill opening extending from an outer portion of the cartridge 
into the interior ink bladder; 

applying pressure to sides of the cartridge to provide a decreased volume of 
the interior ink bladder; 

transferring ink into the interior ink bladder through the fill opening while 
maintaining the decreased volume; 

sealing the fill opening; and 

relieving pressure on the sides of the cartridge to provide an increased 
volume of the interior ink bladder. 

2. The method of claim 1, wherein the step of establishing a fill opening 
includes using a poker to make a hole in a refill plug of the cartridge and to push 
a ball-cork seal of the cartridge into the interior ink bladder. 

3. The method of claim 2, wherein the step of transferring ink into the 
interior ink bladder comprises the steps of: 

providing a squeeze bottle filled with ink, the squeeze bottle having a neck 
portion with a diameter less than the fill opening; 

placing the neck portion into the fill opening; and 
squeezing the bottle. 

_A The method of claim- 1 , wherein the step of transferring ink into the 

interior ink bladder comprises the steps of: 

providing a squeeze bottle filled with ink, the squeeze bottle having a neck 
portion with a diameter less than the fill opening; 

placing the neck portion into the fill opening; and 
squeezing the bottle. 
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5. The method of claim 3, wherein the step of applying pressure to sides of 
the cartridge comprises the steps of: 

providing a clamp having pair of jaws that are normally closed by a 
spring-like force and having a pair of clamp handles, attached to the jaws, for 
5 counteracting the spring-like force to open the jaws in response to the clamp 

handles being moved closer together; 

moving the clamp handles closer to provide open jaws; 

placing the open jaws onto an edge of the cartridge; and 

releasing the clamp handles. 



6. The method of claim 5, wherein the step of providing a clamp includes 
providing a #100 binder clip manufactured by Office Mate International 
Corporation of Edison, NJ. 

7. The method of claim 1 , wherein the step of applying pressure to sides of 
the cartridge comprises the steps of: 

providing a clamp having pair of jaws that are normally closed by a 
spring-like force and having a pair of clamp handles, attached to the jaws, for 
counteracting the spring-like force to open the jaws in response to the clamp 
handles being moved closer together; 

moving the clamp handles closer to provide open jaws; 
placing the open jaws onto an edge of the cartridge; and 
releasing the clamp handles. 

8. The method of claim 7, wherein the step of providing a clamp includes 
providing a #100 binder clip manufactured by Office Mate International 
Corporation of Edison, N.J. 

25 9. The method of claim 6, wherein the step of sealing the fill opening 
comprises the steps of; 

providing a set screw having a diameter slighdy larger than the fill 
opening; and 

screwing the set screw into the fill opening. 



10 
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20 
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10. The method of claim 9, further comprising the step of: 

covering the opening by applying pressure-sensitive tape over the set 

screw. 

1 1 . The method of claim 1 , wherein the step of sealing the fill opening 
comprises the steps of: 

providing a set screw having a diameter slightly larger than the fill 
opening; and 

screwing the set screw into the fill opening. 

12. The method of claim 11, further comprising the step of: 

covering the opening by applying pressure-sensitive tape over the set 

screw. 

13. The method of claim 6, wherein the step of sealing the fill opening 
comprises the step of: 

placing a ball cork into the fill opening. 

14. The method of claim 13, wherein the step of placing the ball cork in the 
fill opening includes placing a ball cork made of stainless steel, plastic, or rubber 
in the fill opening. 

15. The method of claim 13, further comprising the step of: 

covering the opening by applying pressure-sensitive tape over the ball cork. 

The meApdjof_claim_14,_further-compri — 

covering the opening by applying pressure-sensitive tape over the ball cork. 

17. The method of claim 1, wherein the step of sealing the fill opening 
comprises the step of: 

placing a ball cork into the fill opening. 
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18. The method of claim 17, wherein the step of placing the ball cork in the 
fill opening includes placing a ball cork made of stainless steel, plastic, or rubber 
in the fill opening. 

19. The method of claim 17, further comprising the step of: 

covering the opening by applying pressure-sensitive tape over the ball cork. 

20. The method of claim 18, further comprising the step of: 

covering the opening by applying pressure-sensitive tape over the ball cork. 
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